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Campeonent Group: Fusl Turbopumpa Pmpared: F. Crormwacil
CIL Hem: BEQD-0OT Approved: T. Hguyen
Part Humber: R3A07?EM Appraval Date: 114104
Carmponent: Leaw Presanire Fuel Turbhapomp Chanpge £ 1
FMEA ltem: Benp Dirgcthen 4 CCRD MET-01-5248
Falture Rrasde: Clructural Fallure.
Page; 1afF 1
Cesign £ Cowurem Pefarence *

FAILURE CAUSE:  A- Blructusal failure of weld ar parent matorial of pregyurs. containdng wall.
B. Bellows crack.

THE HOUSING {1} CONEISTS OF 2 MAJOR PASTSE THE [UEBINE MANIFOLD (2] AND PUMP VOLUTE (27 THE MAMIFOLD |5 CONMECTED TQ THE PUM= WIRLLITE 5% FING (1) AT THF
TLREBINE DISCHARGE SUPPORT COME, AND BY BEOLTS, SPACERS AHD LOCKE (5] AT THE TURBINE END BEARING CARRICR/BELLIPNS FLAMGE. THE TLRERIME MAKMIFCZLT 1S A
WELDMEMT QF CAST, SHFET, BAR ANO FORGED IMCOMEL 718 (B, THIS MATZRIAL WAS SELECTED FOR ITS GODHD CASTABIEITY. ERSE UF WELDING MECHANICAD -2 0OPERTIES.
AND RESISTAMGE TO GORRDSION AHD STRESS CORRDSION CRAGKING THE MATERIAL IS SCAUTICHN TREATED AKND ACE HARDENED. THE MANIFOLD INCORMEFATES & SIMGLE
COMESLUTION BELLOWS WHICH COMPENSATES FOR AXxtal DISPLACEMENT. THKE MANIFOLD TORUS AND TURBINE CHATLET ARE COFFPER PLATED TO PROTECT THE INCONEL 718
FRCIM HYDROGEM ENVIRONMENT EMBRITTLEMENT. 321 CRES TUBING ISUSED FOR T1E DEAIN LINES 321 CRES WAS SELECTEDR FOR ITS CRYQGENIC MECHAN CAL PROFERITIES,
OUCTILITY AND TS INSEMEITAITY TO HY DROGEN ENYIRCOKHKMEMT FMARITTI FRIFNT (B). THE MATERIAL |5 ANNEALED 10 APROAVE MECHANKCZ AL PROPERTIER. THE PUME W LITF
1S5 MANUFRCTURED UTILIZIMG GAST TENS-50 ALUMINUM (6], WHISH VAS SELECTED FORITS CASTABILITY, MECHANICAL FROFERTIES, AND REZMSTANCE TO HYDROQGEN
ENVISCHKMENT EMBRITTLEMENT. THE SASTIMNG IS HOT ISOSTATICALLY PRESSED T IMPROVE MECHANICAL FROPERTIES. THE MATERIAL IS SOLUT N TREATED AN AGE
YARDENLED. THE WOLUTE IS ANODIZED FOH SORROSION FROTECTIQN, AN ACTIVE CORROSION INMIBITOR IS APPLIED TS THE MANIFOLD AMD WOLUTE SURFACES FOR
AODITICMAL CORRDEICKH RESISTANCE (14). THE %L UTE AND MAKMIFAOLD ARE FROCF PRESSURE TESTED TO VERIFY THEIR STRUCTURAL INTEGRITY (7). THE MAMIF LD AMI:
WOLY TE FaWE BEEM DESIGN VERIFICATION TESTED FOR FRESSUIRE WS SETRESS AND FACTOR OF SAFETY OMBLURST (B). THE HIGH AND LOW CYCLE FATIGUF | IFF £0OR THE
MAMNIFOLD *AEET CEIREQU'REMEMTS 1), THE RAIMIMLA FACTORS OF SAFETY FOR THESE PARTS MEEYT CEN RECUIREMENTS (14d). THE MAMIFCLD HOUSING PAREMT MATER AL
WAS CLEAKED FOR FRACTL/RE MECHANICSNDE FLAW GROWTH SINCE IT |3 MOT A FRACTURE CRITICAL FART EXCEPT FOR YOAUTE HOURSING WHICH WaAS GLEARED BY CRITIGAL
INITIAL FLAW S12E DETECTABIUTY (11). THE FMEACIL WELDS ARE CLEARED FOR FRACTURE MECHANICS/MDE FLAWE GROWTH B8Y THE WELD ASSESSMENT (12 TABLE BS0DLISTS
AL FMEATIL WELDS AND IDENTIFIES THOSE WELDS IN WHIGH THE GRITICAL IMITIAL FLAW SIZE 15 NOT DETECTABLE AND THRSE YWELDS M %WHICH THE ROOT SI12JE 15 HOT
ACCESSISLE FOR INEPRCTION. THOSE WELDS 1M wWHICH THE CRITICAL INITIAL FLALY SIZE 12 NOT DEFECTARLE AR ACCEFTABLE FOR FLIGHT BY RISK ASSESSMENT {12, RELAE
¥ PARTS LRSS CWERHALL IS CONTROLLED BY THE REGLIREMERN TS OF THE OWERHALIL SPECIFICATION 12).

(1 RSCOTEII; (7] RSOITSUE; [3) RIOI9ESA, i4) REO07E31; (5) ROO°1-1010 RSCCTRI3, AECOTE3Z; 45| RS5-8577 (71 ALOOMOR, RLOODAS; (8] RSS-402 (@ 15L00532 UW220R001IE, (10)
1&5-B543, CRAZOAOIIIN: 111 NASA TASK ~17; 112 RES-0765 {13} FLOISZ1; (14) RE007E3Z, RAISLE01D

ASE-8740-11
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MATFRI&L NTEGRITY 15 WERIFIED PER BRAWING AND SPECIFICATION REQUIREMENTS.

VILUTE CASTIHG HOT ISOSTATIC PRESSING |5 VERIFIED PER SPECIFICATION REQUIREMENTS.

VOLUTE CASTING ISPRACF PRESSURE TESTRD PER SPECIFICATION REGUIREMENTS,

VILUTE CASTING 15 RADIOGRAPHIC IMSPECTED PER SPEGIFICATION REQUIREMENTS.

4 PEMETRANT AHD HIDDEN BURFACE INZPECTION IZ PERFOAMED QM THE YOLUTE PRIDR 10 AMND
AFTER FROMF PRESSURE TESTING PER CRAWING AND SFECIFICATICH HEQUIREMENTS.

ManFCLD 15 PROOS PREZSURE TESTED PER SPECIFICATION REQUIREMENTS

THE MAHIFOLD [S PENETRANT INGPECTED BEFORE COFFER PLATING AND AFTER WA ZHIMING OF
COFPER FLATING.

Arf ACTIVE CORROSION INFIBITOR IS APPLIED ANE VERIFIEE PER DRAYING AHD SFFCIFICATICH
REQUIREMERTS

MAMIFOLD HEAY TREAT IS VERIFIED PER SPECIFICATION REQUIREMENT.

WOLUTE MEAT TREAT M8 WERIFIED PER DREANVING REQLIPEMENTS.
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Comparsh! =~ =wup: Fuel Turbapumps Praparad: F. Gromewe!’
CIL Hem: BEM-0F Approved: T. HNguyen
Fart Humbe. RSH0TE0 Apgroval Date: 1114105
Compgmenl; Low Pressure Fuel Turbapumg GChange #; 1
FMEA b BEM) Diiractive & CCHD ME3-01.5248
Fallure Maode: Slructural failure.
Fage: iaf 1
Failoa Causss Sigrificant Characienstics Ingpactionds) ¢ Teetls) Diacunen nef::-:n:;-
A B SURFAZE FIMISH MAKIFOLE S OPPER FLATING |5 YERIFIED FER DRAWIMNG ANE SCECIFIGATION REQU'HREMENTS. [y 503

WELO INTEGR'TY

LPETR

AEGERMRALY INTFGRITY

WILUTE ANOIHFING S VFRIFIFT PFR EPFCIFICAT|ICH REQLIRENENTS.

WOLUTE INTERNAL CA31 EUFFAGE HMISH 15 WVERIFIED PER, DRAVING AMD SPECIFICATION
REQLUIREMENTS.

ALLVYELDS ARE INSPECTED TO BRAMIMNG AND SFECIFICATION REQLIREMENTS PER WELD L MES.
INSPECTICHS "MCLUDE: WISLIAL, DIMENSIGHAL, FENETRAMT, EAOIOGRAPHIC, LILTHAEDNI . AL
FILLER MATERIAL AL APFLICARLE

THE PUKP SLIDASSEWELIEE ARE INSPECTED DURING QwERHALIL PER SPECIFICATION
FREQUIREMENTS.

INSPECTIONS INCLUDE: VISUAL, AMENSIONAL, PEMETRANT AMD REPLACEMENT OF USAGE
ITEMS AS AFPLICAELE, PER OVERHALL GLASSIFICATION.

OPERATIONPERFORMAMCE |5 VERIFIED BY ENCINE HOT-FIREC TESTING AND ZNDE & M TESTS ON

IMSFFCTIING.

THE LPFTP 15 WALLUK DRIED PER SPECIFICATION REGIUIRENMENTS AFTER GROQUND TEST TO
ABSIST IN CONTROLLING GALVAKIC £ORFROSIaM,

THE LPF TP IS \NSPECTED FOR EVIDENCE OF SALVANIC CORROSIOY AT INTERVALS DEFINED BY
MAJOR VWAIVED.

TOROUE CHECKS ARE PERFORMED PRIOR T EACH FLIGHT.

. B HELIUM SISNATURE LEAK TEST IS FERFQRIMED PRIDR TO EACH LALINCH.
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Componenl Group: Enel Turbapumpa Prepared. F. Cromaell
CIL Iterm; BERD-07 Bpprownd: T. Nguyen
Part HNumber: RSa07 801 Approvat Dote; 14M786
Companenl: Loy Pragsira Fuel Turbapump Change 4. k|
FAREL ltemn: BELD Chrective #: CCBD MEZ-31.5248
Fail e Mode: Struclural faifure,
Fage: Jaf 3
Faiura Causas Eign Fca-t Characterislcs Insoecticnis); Teslis) i Deoiment Fefeence”
A A ASSEMBLY INTEGR|TY AFTCLCSEZUT INSPECTION 18 PERSORMED PRICR TO FACH FIIGHT. CRMBSO WA1BLI3 070G

SN EXTERMAI WIGUAL INSFECT OGN S PERFORMLD FRIOS 10 EACH FLISHT,

DATA FROM PREVIOUS FLIGHT 2R HOT-FIRE 1§ REVIEWED FOR PROPER TURBORLMP
CPERATICNPERECRMANZE. (LAST TEST)

Failre Histary Conpreheagive failare fistory datais mramlained ke Problen Beoorli-g dalabase (PRAMSPRACA)
Reference: HASA lerlcs 5421290308 and Fackeldyme latter EERCOO751

Cperaticnal Use MNa? Apaliezsbiz

(PARED VIR NI

MISFS FLN 2220



085-9

Fooacn .
CMponent Sroug Fuel Turbepa:mpe Prepared: F Cromwell
CIL Mam: Ba0) Approved: T. Nguyen
Part Humber: RS 0W7 B Approval Dan: 111194
Campanent: Low Pressure Fuel Turbepump Change & 2
FMEA Itom: BEM CHresctive #: COBD WE3-01-5244
Page:’ UL
Crileal Inilial
fioot  Flaw Size Naol
Sida Mot Deleclable
Cempsrant Basic Part honle: Meld Humbar wWeld Type  Class Arcast HCF  LOF Comneris
MAMNIFCLE R3007E03 1 EBw) la b1
MARIFOLD RSCITENS z CTaw !
SMANIFOLD RSO0MEDZ £41d GTAW Il x X
MAKITOLD R5407803 g.10 GTAW 1l x
RAHLIFOLD REOMGCA 13 GTAM I
MAMNIFOLD REMIFEN] 17 EBIN Il b Y
RAMNIFILTY RA0OTE] 18 TSTAa b X X X

RE5-g140-11
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Compoedt G oup:

e Narne:
Hem Number: i [0
Farl Minrhar RSaoTEDd

SSME FMEA/CIL

FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Fuel Turbopumps
Law Pressure Fusd Tirbopump

Prapared: F. Crammel|
Appresed: T. Hguyen

Approval Date: 11108

Change ¥: 3

Di rective COED ME1O1.5248 .
Fape: {ef1

Enze Lina Rationale

Var-ance

Cranps Rativnale Wariar! Cash Menber )

1. E620-0%: REMITEDS, REOATEDS,
CALUSE A, THE INNER aND
CLTER EEARING RINGS ARE
EDOY CURRENT INSPECTFD PFR
FA NG E- D3,

2 BE800-10. THE HOUSING
INSULATION IS FROTECTED BY A
KEYLAR COMPOSITE SURFACE
WITH L.T-40 FIRE RETAROANT
ALUMINUM TAPE APPLIED TCr
THE KEYI AR SLIRTACE

3 BEQQ-0F THE BALLS ARE
FOSITIQONED BY AM FEP COATED
ARMALCN CAGE, FEF GOATING
OM CAGES USED TO RETOLIZE
FAOCKET ARG BALL WEAR THUS
IMCREASING BEARIMG LIFE.

4. BEOO-0I. BLOCH | HOZZLE
ACSEMBLY ALLOWS A MIMIRALIRA
QOF 12 QF THE 4A NQZZLE
PASSAGES TO BE BLOCKED.

5 Beac.t2 CAUSEBRC

THE SECOMD STAGE RQTOS
ERAZE JOINT INTEGRITY IS
LLTRASOMIC INSFECTED PER
DRAWING REQLUFREMENTS.

E. BRIC-0Z. CAUSE D

NQZILE COFFER PLATIMNG
A0HESION IS5 VERIFIED FER
ORAWING AEQUIREMENTS.

PASSAGES TOBE BLOCKED
CERTAIN SECOND STAGE-

BEAR™MT RINCGS RECENELD
FROM SUFFLIER SPLIT BALL
BEARING INCORFORATED -
RFCFMED MO GFMFRAL ENOY
CURRENT IMNSPECTICN.

CERTAIN FLEZHT HGUSINGS
HAYE NICKEL PLATED
INGLALATICN WITH COPPER
PLATED TIE-IM AREAS.

BLOCK LAMND FHASE || FUMPS
DO NOT HAVE FEP COATED
CRAGES.

BLOCK PHASE NI NOZZLE
AGEEMBLY ALLCWES A MINIRTURM
OF 16 OF THE 43 NOZZLE

ROTORE RECEIVED NO
LILTRASOMIC IMSPECTION OF
THE BRAZE JOMkT.

CERTAIM MOZZLES IO MOT
RECEIYE A BAKE TEST,

THE BLCOCK [ ANO PHASE I HAVE NICKEL FLATING T FRCI‘TE_E‘.'i' THE

THE BRAZE JQINTS O ALL SECOMD STAGE ROTORS HAYVE RECEIVED A

ADHES D BAKE TEET 15 MOT REQLIRED FOR NO22LES WHICH HA"."E- BEEH

SEE DAR 2745 FOIL
VARIANT DART
SERIAL HUMEFRS

GENERL EODY CURRENT IMSPECTION OF RIMGS REPLAGES TYFE IVC IN
PEMETRAMT INSFFCTION I DETECTTNG SURFACE FLENTS,

LISE AZ 15 RATIOHALE.

1 RINGE ARE SUPFLIED BY SPLIT BALL BEARING INCGRPOALTED RECEIVED
FROVISUAL AND TYPE IVE PERETRANT INGPECTION INSTEAD OF GEMERAL
EDDY CURRENT INGPECTION. FLAW DETECTABRILITY RELIABILITY LEVELS
BETWEEN PENETRANT AND GENERAL EDDY CURRENT INSFEGTICNS ARE
0 060 AML OOEF AESPECTIVEL Y

RISCOTEIT 174, 131,
<21, .0

INSULATION FROM MECHANICAL DAMAGE AND PROVIDE A MOISTURE
BARFIER. THE HOUSING 18 COFPER PLATED AT THE INSULATON SLOSE-CUT
AREAS TO WIPROVE THE MICKEL BOND. THE MINIMUN FACTORS OF SAFETY
FDR THFE INSUILATED HOUSING MEET C.E.|. REQUIREMENTE. DAR 2059
ADDREFFED THE TIME CONSTRAIMTS FOR MICKEL PLATED INSULATION WATH
COPPER Pl ATED TIE-IN CONFIGURATIONS.

BLOCHE L AND PHASE Nl CAGES HAVE TEFLOY CONTAINED IN THE FIRERGLASS - lIQS-'_‘IE-'."BD"S-UE? “
CAGE THAT PROVIDES BEARING L LIBRICATIOH. RSAC-FEME T, 025

THE Bl OCH | FHASE || NOZZLE ASSEMBLY DOES MOT WMILATE Tilé
REQUIREMENTS OF THE BLOCK | HOZZLE ASSEMBLY. BLOCHK | PHASE 11
WA MEETS CE MOZALE WANE REQUIREMENTS.

RUG157a1-031

RS0 F5ES-031
VISUAL AND PFEMNETRAMNT IMSPECTION, ALL PARTS SUSPECTED TO HAVE i
BRAZE JOrNT AMNOMALIES HAVYE BEEN ADDREZSED,

RS007622-025
FREVIOUSLY HOT FIRE TESTED. THE HOT FIRE ENVIRDNMEMT ADECLUATELY  ROD 9707 [0

YERIFIES THE CQOFPER PLAT ING ADHESIOHN IMTEGRITY.

7. 60002, CAUSEE.
THE STATOR COPPER FLATING

ADHESICH 15 YERIFIED FER

ORAWING REQLIREMENTS

GERTAIN STATORS DID NOT
RECENE A BAKE TEET.

ADHESION BAKE TEST |S NOT REQUIRED FOR STATORS 'WP'IICFi HA'U-'E- BEEM REIJT6230
FREVICLSLY HOT FIRE TEETED. THE HOT FIRE ENVIROMMENT ADECUATEL Y

YERIFIES THE COPPER, FLATING ADHESICH INTEGRITY



